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We have recently reported that in vitro low dose of
ultraviolet B radiation (UVB, 100–200 J per m2) directly
impaired the antigen-presenting function of human
Langerhans cells. In this study, we analyzed the effect of
UVB irradiation on the Langerhans cells expression of
several accessory molecules, namely CD54, CD80, and
CD86. Langerhans cells phenotype was determined either
immediately after UVB exposure (100 J per m2) or after
a 2 d culture. No modification in cell surface antigen
levels was observed immediately after irradiation. Prior
UVB exposure did not modify the levels of CD80 at the
Langerhans cells surface after a 2 d culture. In contrast,
CD54 and, above all, CD86 expression were significantly
decreased. Addition of exogenous anti-CD28 monoclonal
antibodies partly restored the allostimulatory property of
irradiated Langerhans cells in mixed epidermal cell-
lymphocyte reaction, demonstrating that impairment
of CD86 upregulation contributes to the UVB-induced
The immunosuppressive effect of ultraviolet B (UVB)radiation has long been recognized (Kripke, 1984;Baadsgard, 1991; Pamphilon et al, 1991). UVB exposureof the skin causes substantial perturbations of immuneresponses, such as inhibition of contact hypersensitivity
reactions at the irradiated site and, in some cases, at distant unirradiated
sites as well. Because UVB radiation is almost completely absorbed
within the epidermis (Bruls et al, 1984), targets of UVB are likely to
reside in this tissue. Epidermal Langerhans cells play a pivotal role in
induction of cutaneous immune responses (Teunissen, 1992). These
cells pick up foreign antigen within the epidermis and then migrate to
the draining lymph nodes where antigen presentation to specific T
cells occurs. Accordingly, two major and nonexclusive mechanisms
have been proposed to explain the immunosuppressive effects of UVB
radiation, both of them implying that the immune function normally
assumed by cutaneous Langerhans cells was inhibited or deleted. The
first mechanism implies a direct effect of UVB exposure on Langerhans
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immunosuppressive effect. Furthermore, we found that
UVB irradiation at 200 J per m2 significantly reduced the
number of viable Langerhans cells after 2 d of culture.
UVB-induced cytotoxicity was due to apoptotic cell
death, as demonstrated by typical morphologic altera-
tions and by DNA fragmentation yielding a classical
ladder pattern on gel electrophoresis. Interestingly, inter-
action of Langerhans cells with CD40-ligand transfected
L cells improved the viability of irradiated Langerhans
cells, counteracted the inhibition of CD86 expression,
and efficiently reduced the number of apoptotic cells
after a 2 d culture. Collectively, these results demonstrate
that in vitro UVB exposure affects Langerhans cells via at
least two distinct pathways: (i) decreased CD86 costimul-
atory molecule upregulation; and (ii) induction of
Langerhans cells apoptosis, a phenomenon partly pre-
vented by CD40 triggering. Key words: accessory molecules/
apoptosis. J Invest Dermatol 111:373–379, 1998
cells antigen-presenting function (Simon et al, 1991, 1992; Tang and
Udey, 1991). The second mechanism implies indirect effects of UVB
on Langerhans cells through soluble photoreceptor (De Fabo and
Noonan, 1983) and/or keratinocyte-derived cytokines (Rivas and
Ullrich, 1992; Grewe et al, 1995; Ullrich, 1995).
In the mouse, direct deleterious effects of UVB on Langerhans cell
function have been attributed to defective antigen processing, impaired
IL-1 production (Stingl et al, 1983), and more recently deficient
accessory function. Indeed, irradiated Langerhans cells could induce
long lasting anergy of T cell clones (Simon et al, 1991). Subsequently,
it was reported that UVB radiation prevented upregulation of CD54
(ICAM-1) expression by cultured Langerhans cells, a process that might
explain their impaired capacity to stimulate T cells (Tang and Udey,
1991). In a previous study, we have shown that in vitro irradiation of
purified human Langerhans cells with a narrow range UVB source,
directly impaired their antigen-presenting function (Rattis et al, 1995).
We found that 2 d cultured Langerhans cells were less sensitive to the
deleterious effects of UVB radiation than Langerhans cells freshly
isolated from epidermis. Because cultured Langerhans cells are known
to express high levels of accessory molecules (Romani et al, 1989;
Teunissen et al, 1990; Pe´guet-Navarro et al, 1993), these results
suggested that UVB radiation interferes with the development of
human Langerhans cells accessory function. In agreement with this,
Weiss et al recently reported that the suppressive effect of UVB radiation
on Langerhans cells antigen-presenting function is partly due to an
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inhibition of functional CD80 (B7–1) and CD86 (B7–2) expression
(Weiss et al, 1995).
In this study, we further analyzed the effects of UVB radiation on
human Langerhans cells accessory function. We confirmed that impaired
upregulation of CD86 expression on Langerhans cells could partly
explain their decreased allostimulatory function. Furthermore, we
found that UVB radiation at 200 J per m2 significantly decreased
Langerhans cell viability after a 2 d culture, and we demonstrated, for
the first time, that this process was due to increased apoptotic cell death.
Interestingly, CD40 cross-linking enhanced irradiated Langerhans cell
survival and efficiently rescued Langerhans cells from UVB-induced
apoptosis. Taken together these data demonstrated two distinct mechan-
isms by which UVB radiation could alter human Langerhans cell
function.
MATERIALS AND METHODS
Culture medium, cytokines, and monoclonal antibodies Culture
medium was RPMI 1640 (Gibco laboratories, Grand Island, NY), supplemented
with 10% normal AB serum, 1 mM glutamine, and antibiotics. Granulocyte-
macrophage colony stimulating factor (GM-CSF) was from Schering Plough
Research Institute (Kenilworth, NJ). The following monoclonal antibodies
(MoAb) have been used: fluoroscein isothiocyanate-coupled anti-HLA-DR
MoAb (IOT2a, Immunotech, Marseille-Luminy, France), anti-CD28 (IOT28,
Immunotech), anti-CD40 (mab-89, Schering Plough, Dardilly, France), anti-
CD54 (15–2, Biogenesis, Sandow, NH), anti-CD80 (L307.4, Becton Dickinson,
San Jose, CA), and anti-CD86 (IT2.2, PharMingen, San Diego, CA).
Purification of human epidermal Langerhans cells Human epidermal
cell suspensions were obtained from normal skin samples removed during plastic
surgery. Thin skin slices, split-cut with a keratome set, were incubated with
0.05% trypsin (Difco Laboratory, Detroit, MI) for 1 h at 37°C. Purification of
Langerhans cells from epidermal cell suspensions was then achieved by three
consecutive gradient centrifugations on Lymphoprep (Flobio SA, Courbevoie,
France) as previously described (Pe´guet-Navarro et al, 1994). As assessed by
immunofluorescence staining with fluoroscein isothiocyanate-coupled HLA-
DR MoAb, the resulting population contains 70%–95% Langerhans cells.
Purified Langerhans cells were irradiated or sham-irradiated and then cultured,
or not, for 2 d in the presence of GM-CSF (200 U per ml) before carrying
out phenotypic or functional assays.
UVB irradiation Purified Langerhans cells were irradiated with a narrow
UVB source (SpectroLinker XL 1000, Spectronics, Westbury, NY) emitting at
312 nm. Sham-irradiated cells served as control. After a single UVB exposure
at 100 or 200 J per m2, cells were washed twice in Hanks’ balanced salt solution
without calcium and magnesium supplemented with 10% fetal calf serum. Cell
viability was assessed by trypan blue exclusion test.
Cytofluorimetry analysis Langerhans cells were first incubated with primary
mouse MoAb at saturating level. After washing, the cells were stained with
PE-conjugated goat anti-mouse F(ab9)2 Ig (1:50, Immunotech). All the incuba-
tion steps were carried out for 30 min at 4°C. Negative controls were performed
using the appropriate irrelevant isotype-matched primary MoAb. After staining,
cells were washed twice and fixed in 0.1% formaldehyde, 1% bovine serum
albumin in phosphate-buffered saline. Mean fluorescence intensity (MFI) was
determined with a FACScan (Becton Dickinson).
Langerhans cells interaction with CD40-L transfected cells L cells
transfected with the ligand for human CD40 (CD40Lc) (Van Kooten et al,
1994) were used for CD40 triggering on human epidermal Langerhans cells,
and L cells transfected with CD32 (CD32c) served as control. These cell lines
were kindly provided by J. Banchereau (Schering Plough Laboratories, Dardilly,
France). L cells were grown in RPMI 1640 medium supplemented with 10%
fetal calf serum and irradiated at 70 Gy before use. A total of 106 purified
Langerhans cells, UVB-irradiated or not, were seeded with 105 CD40Lc onto
24 well cultures plates, in culture medium supplemented with GM-CSF (200 U
per ml). Langerhans cells alone and Langerhans cells seeded with CD32c served
as control. After a 2 d culture, Langerhans cells were recovered by flushing the
plates with cold RPMI medium and viable cells were recovered after centrifuga-
tion on Lymphoprep.
Apoptosis detection assays Apoptosis was determined by three different
methods. For quantitative analysis of apoptosis, Langerhans cells were incubated
for 30 min at 37°C in the presence of 10 µg bisbenzimide per ml, also called
Hoechst 33342 (Sigma, St Louis, MO). Stained cells were then examined by
standard fluorescence microscopy and the percentage of Langerhans cells with
nuclear morphologic features of apoptosis was calculated based on a total
number of 500 cells.
To characterize further the morphologic changes induced on Langerhans
cells by UVB radiation, electron microscopy analysis was performed as previously
described (Dezutter-Dambuyant et al, 1985). Briefly, the cells were fixed in 2%
glutaraldehyde buffer in 0.1 M sodium cacodylate and then postfixed in 1%
osmium tetroxyde. After embedding with Epon, ultrathin sections were
examined in an electron microscope.
For detection of DNA fragmentation, 7 3 105–9 3 105 purified Langerhans
cells were washed twice with cold phosphate-buffered saline and immediately
lyzed in a solution containing 10 mM Tris-HCl (pH 7.6), 0.15 M NaCl, 5 mM
MgCl2, and 0.5% Triton X-100. After 5 min of incubation and smooth
homogenization, the intact nuclei were pelleted by centrifugation. Nuclei were
then disrupted in a solution containing 10 mM Tris-HCl (pH 7.6), 0.4 M
NaCl, 1 mM ethylenediamine tetraactic acid, and 1% Triton X-100. After
centrifugation at 11,000 r.p.m., the pelleted high-molecular weight DNA was
discarded. Supernatant was incubated with 20 µg RNase per ml for 1 h at
room temperature and then with 100 µg proteinase K per ml for 2 h at 37°C.
Low molecular weight DNA was extracted with phenol-chloroform and
analyzed by conventional electrophoresis on 1.2% agarose gels.
T cells Mononuclear cells were obtained from peripheral blood of healthy
donors by centrifugation on Ficoll-Hypaque (Pharmacia, St Quentin-Yvelines,
France). Cells (106 per ml) were layered on plastic Petri dishes for 2 h at 37°C
in culture medium. Non-adherent cells were harvested and T cells were obtained
by rosetting with 2-amino-ethylisothiouronium bromide hydrobromide-treated
sheep red blood cells, as previously described (Kaplan and Clark, 1974). Residual
accessory cells were eliminated by a further adherence to plastic for 1 h at
37°C. Preliminary experiments indicated that these T cells contained more than
95% of CD31 cells and were unable to proliferate in response to Con A (10 µg
per ml, Sigma).
T cell proliferative assays Mixed epidermal cell lymphocyte reactions were
performed in U-bottom microtiter plates by adding 105 T cells to 103 purified
allogeneic Langerhans cells. Langerhans cells either received prior to UVB
radiation at 100 or 200 J per m2 or were left untreated. Anti-CD28 MoAb or
isotype-matched control Ig were added at the beginning of culture. T cell
proliferation was assessed at day 6 by addition of 1 µCi of [3H]methylthymidine
per well (2 Ci per mM, Amersham, des Ulis, France) for the final 18 h of
culture. Cells were then harvested and incorporated thymidine was quantitated
in a direct β-counter (Matrix 96, Packard, Downers Grove, IL). Results were
expressed as the mean cpm 6 SD of triplicate cultures.
RESULTS
UVB radiation inhibits the upregulation of CD86 expression on
cultured Langerhans cells We first analyzed the effects of UVB
radiation on constitutive and inducible Langerhans cell expression of
several accessory molecules, namely CD54, CD80, and CD86. To this
end, purified Langerhans cells were exposed to UVB at 100 J per m2,
a dose that has been previously shown to inhibit their antigen-
presenting function by about 50% (Rattis et al, 1995). Langerhans cells
were stained either immediately after UVB exposure or 2 d later. In
the latter case, viable Langerhans cells were recovered before staining.
In all experiments, HLA-DR expression was also quantitated.
As previously reported (Teunissen, 1992; Rattis et al, 1996), Langer-
hans cells freshly isolated from human epidermis expressed substantial
levels of HLA-DR, CD54, and CD86. In contrast, CD80 expression
was not detected. Data from Fig 1 indicated that UVB exposure did
not affect the level of any antigens on fresh Langerhans cells.
Upon a 2 d culture, human Langerhans cells upregulated HLA-DR
as well as accessory molecule expression. Prior exposure to 100 J per
m2 did not significantly modify the expression of CD80 on 2 d cultured
Langerhans cells and, as previously reported (Rattis et al, 1995), it only
partly prevented the upregulation of HLA-DR expression. By contrast,
CD54 and especially CD86 upregulation were significantly lower on
irradiated Langerhans cells than on unirradiated control cells after a 2 d
culture (Fig 1). Results shown in Fig 1 were representative of nine
separate experiments. In these experiments, the mean inhibition of Ag
expression, as determined by the ratio (1 – mean fluorescence intensity
on UVB-irradiated cultured Langerhans cells/mean fluorescence intens-
ity on unirradiated cultured Langerhans cells) 3 100, was 45.3 6 14%
for CD86 and 14.2 6 3.5% for CD54.
It is important to note that a similar inhibition of CD86 expression
(40 1 5%, mean of three experiments) was obtained when Langerhans
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Figure 1. Effects of UVB irradiation on constitutive and inducible Langerhans cell expression of surface molecules. Purified Langerhans cells (90%
Langerhans cells) were labeled either with fluoroscein isothiocyanate-conjugated anti-HLA-DR MoAb or with anti-CD54, anti-CD80, or anti-CD86 MoAb
revealed by PE-labeled anti-mouse Ig. Staining was carried out on viable Langerhans cells recovered either immediately after UVB irradiation at 100 J per m2
(100 J per m2 freshly isolated Langerhans cells) or after a 2 d culture in GM-CSF (100 J per m2 cultured Langerhans cells). Sham-irradiated freshly isolated or 2 d
cultured Langerhans cells served as controls. Langerhans cells were analyzed cytofluorographically by gating HLA-DR positive cells. The number in the upper
right-hand corner represents the mean fluorescence intensity of the respective antigen. Results obtained with the appropriate irrelevant control MoAb were overlaid
on each histogram.
Figure 2. Exogenous CD28 triggering partly restores the allostimulatory
function of irradiated Langerhans cells. Purified Langerhans cells (88%
Langerhans cells) were exposed to a single dose of UVB radiation at 100 or
200 J per m2. Unirradiated Langerhans cells served as control. A total of 103
Langerhans cells were cocultured with 105 allogeneic T cells (Tc) in the
presence of anti-CD28 MoAb or appropriate isotype matched control Ig (2.5 µg
per ml). T cell proliferation was assessed at day 6 by incorporation of
[3H]thymidine during the final 18 h of culture. Results are expressed as the
mean cpm 6 SD of triplicate cultures. Comparable results were obtained in
three other experiments.
cells had been incubated for 2 d in the presence of enhanced
concentration of GM-CSF (400 U per ml). This makes it unlikely that
the downregulation of B7–2 expression on Langerhans cells could be
related to an inhibition of GM-CSF production by keratinocytes.
Anti-CD28 monoclonal antibodies partially restore the T-cell
proliferation induced by irradiated Langerhans cells We and
others have reported that CD86 plays a key role in human Langerhans
cell costimulatory function (Weiss et al, 1995; Rattis et al, 1996).
To assess whether decreased expression of CD86 on UVB-irradiated
Langerhans cells could account for their impaired ability to mount
allogeneic T cell reactions, mixed epidermal cell lymphocyte reactions
were carried out in the presence, or not, of anti-CD28 stimulating
MoAb. CD28 is the counter receptor for CD86 on T cells. We
postulated that, in the presence of anti-CD28 stimulating MoAb, the
missing CD86/CD28 interaction would be supplied and might restore
the T cell activating signal.
As previously reported (Rattis et al, 1995) and shown in Fig 2, UVB
radiation impaired human Langerhans cells allostimulatory function in
a dose-dependent way. As compared with nonirradiated Langerhans
cells, the percentage of inhibition of T cell proliferation was 63% and
96% after Langerhans cell irradiation at 100 and 200 J per m2,
respectively. Addition of unrelated control Ig to the mixed epidermal
cell lymphocyte reaction did not alter these results. In the presence of
anti-CD28 MoAb, T cells alone did not proliferate. The T cell
proliferative response induced by unirradiated Langerhans cells was
enhanced, however. More interestingly, we found that anti-CD28
MoAb significantly improved the T cell proliferation induced by
irradiated Langerhans cells. Thus, at 100 J per m2, the inhibition of T
cell proliferation with irradiated Langerhans cells was only 36% in the
presence of anti-CD28 stimulating MoAb, as compared with 63% in
the presence of control Ig. At 200 J per m2, inhibition of T cell
proliferation induced by irradiated Langerhans cells decreased from
96% to 64% upon addition of anti-CD28 MoAb. These data confirmed
that CD86 is a critical target for UVB-induced immunosuppressive
effects.
The T cell response mounted by irradiated Langerhans cells in the
presence of anti-CD28 MoAb, however, was always lower than
that obtained with unirradiated Langerhans cells. Addition of higher
concentrations of anti-CD28 MoAb (5 µg per ml) did not alter these
results (data not shown). This suggests that, in addition to CD86
downregulation, other mechanisms are involved in UVB-induced
immunosuppressive effects.
UVB radiation induces accelerated apoptosis of human Langer-
hans cells in culture Upon in vitro culture, a continuous reduction
of Langerhans cells viability can be observed and a recent paper has
reported that this process was due to spontaneous apoptosis (Ludewig
et al, 1995). We previously demonstrated that low doses of UVB
radiation (100 and 200 J per m2) were not cytotoxic after a 18 h
culture because a similar number of viable Langerhans cells was
recovered from irradiated as compared with unirradiated suspensions
(Rattis et al, 1995).
We next analyzed the fate of irradiated Langerhans cells after a 2 d
culture. In these experiments, Langerhans cell suspensions were irradi-
ated or not at 100 or 200 J per m2 and viable Langerhans cell number
was estimated after 2 d by trypan blue exclusion. The cells were
distinguished from residual keratinocytes by their typical morphologic
features. UVB radiation did not significantly affect the recovery rate,
including viable and dead cells, or the percentage of HLA-DR positive
cells in the suspensions (data not shown). Cell viability, however,
dropped from 69 6 11% in nonirradiated suspensions to 47 6 13%
and 20 6 7% in suspensions irradiated at 100 and 200 J per m2,
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respectively (mean 6 SD of five experiments). Accordingly, UVB
radiation, especially at 200 J per m2, significantly reduced the viable
Langerhans cells yield, as estimated as the percentage of the initially
plated Langerhans cells (Fig 3). Furthermore, in the suspensions, many
viable Langerhans cells were enlarged, showed very short cytoplasmic
veils, and displayed intense cytoplasmic vacuolization.
These observations prompted us to analyze whether UVB induced
cytotoxic effect could be related to increased apoptotic cell death. To
this end, we first used bisbenzimide staining and light microscopy
analysis to quantitate the proportion of apoptotic cells in 2 d cultured
Langerhans cells suspensions. These suspensions either received prior
UVB irradiation at 100 or 200 J per m2, or were left untreated. As
illustrated in Fig 4(a), most unirradiated Langerhans cells had a normal
appearance, as identified by a nucleus with a regular contour; however,
a significant proportion of the cells (about 20%) that could be identified
as Langerhans cells under light microscopy, showed a condensed
nucleus, therefore confirming the spontaneous apoptosis of Langerhans
cells in culture. The interesting finding was that prior UVB radiation
dramatically increased the number of apoptotic cells after a 2 d culture.
Indeed, after irradiation at 200 J per m2, about 60% of the cells showed
condensed or fragmented nuclei (Fig 4c).
We have checked whether DNA fragmentation of UVB treated
Langerhans cells could be already detected after an 18 h culture. Using
bisbenzimide staining, 10.2 6 1.5% Langerhans cells showed condensed
or fragmented nuclei after irradiation at 200 J per m2, as compared
Figure 3. UVB exposure reduces Langerhans cell survival after a 2 d
culture. Purified epidermal Langerhans cells were irradiated, or not, and then
cultured for 2 d with GM-CSF (200 U per ml). Viable Langerhans cells
excluding trypan blue were enumerated and viable Langerhans cell yield was
expressed as the percentage of the originally plated Langerhans cell number
(mean 6 SD from five separate experiments). Statistical analysis was performed
using the nonparametric Wilcoxon’s test for paired values. *Results significantly
different from control.
Figure 4. Morphologic changes in nuclear
staining after UVB irradiation. Langerhans
cells were left untreated (a) or irradiated with
UVB at 100 J per m2 (b) or 200 J per m2 (c).
After a 2 d culture Langerhans cells were stained
with 10 µg bisbenzimide per ml (Hoechst
33342) and observed under fluorescence
microscopy. Apoptotic cells are characterized by
condensed or fragmented nuclei (magnification
3600). (d) The percentage of apoptotic
Langerhans cells was calculated based on a total
number of 500 cells. The data shown represent
the mean 6 SD from four independent
experiments. Statistical analysis was performed
using the nonparametric Wilcoxon’s test for
paired values. *Results significantly different
from control.
with 1.2 6 0.7% in nonirradiated suspensions (mean 6 SD of three
experiments). Similar results have been obtained using the TUNNEL
technique (data not shown). Thus, typical signs of apotosis could be
seen on a significant proportion of irradiated Langerhans cells, at a
time when no effects on cell viability could be detected.
Our enriched preparations of Langerhans cells contained residual
keratinocytes, and the above results have shown that UVB altered the
Langerhans cell morphology. In order to confirm that apoptotic cells
were Langerhans cells, we have carried out electron microscopy analysis
of 2 d cultured Langerhans cells after prior UVB irradiation at 200 J
per m2. Using this technique, Langerhans cells can be identified with
no doubt and about 250 cells have been observed on semithin sections.
As illustrated in Fig 5(b, c), a large proportion of irradiated cells
displayed a round shape associated with strong nuclear condensation
and intense cytoplasmic vacuolization and densification, all typical signs
of apoptosis. These cells are Langerhans cells as demonstrated by the
presence of Birbeck granules (Fig 5, inserts). They strongly differ from
the few Langerhans cells showing typical morphologic features such as
dendritic shape and indented nucleus (Fig 5a). It is noteworthy that
in our setting, apoptotic keratinocytes were seldom encountered after
UVB irradiation.
An early sign of apoptotic cell death is an internucleosomal split of
cellular DNA that generate fragments of 180–200 base pairs and
multiples. Accordingly, gel electrophoresis analysis of fragmented DNA
shows a typical ladder aspect. We thus performed gel electrophoresis
of low MW DNA from Langerhans cell suspensions. Few low molecular
weight DNA were extracted from purified Langerhans cells freshly
isolated from epidermis and no DNA fragmentation was detected
(Fig 6, lane 5). By contrast, 2 d cultured Langerhans cells contained
high amounts of low molecular weight DNA and slight DNA frag-
mentation was detected (Fig 6, lane 2); however, the typical ladder
aspect of fragmented DNA was far more pronounced when Langerhans
cells were irradiated before culture (Fig 6, lanes 3 and 4). DNA
fragmentation was evident at 100 J per m2 but was best detected at
200 J per m2.
Collectively, these results confirmed that human Langerhans cells
spontaneously undergo apoptosis in culture, and that UVB exposure
enhanced this process.
CD40 triggering rescues human Langerhans cells from UVB-
induced apoptosis Using CD40 ligand (CD40L) transfected cells,
we and others previously reported that CD40 triggering enhanced
Langerhans cells viability in culture (Caux et al, 1994; Pe´guet-Navarro
et al, 1995). Subsequently, this process was related to an inhibition of
spontaneous Langerhans cell apoptosis (Ludewig et al, 1995). These
findings prompted us to analyze the effect of CD40 ligation on UVB-
irradiated Langerhans cells. L cells transfected with CD40L were used
for CD40 triggering and CD32 transfected L cells served as controls.
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Figure 5. Electron microscopy analysis of irradiated human Langerhans
cells reveals typical signs of apoptosis after a 2 d culture. Purified
Langerhans cells were irradiated at 200 J per m2, then cultured for 2 d in the
presence of GM-CSF (200 U per ml), and processed for electron microscopy
analysis. Scale bars: 1 µm. (a) Langerhans cells with a typical morphology. (b)
Early apoptotic Langerhans cells showing a round shape, condensed nucleus,
and cytoplasmic vacuolization. (c) Advanced stage of an apoptotic Langerhans
cells with condensed nucleus and cytoplasm and membrane blebbing. n, nucleus;
stars, cytoplasmic vacuolization. Inserts: Birbeck granules; magnification: (a)
332,000, (b) 321,500, (c) 365,000.
As shown in Fig 7, CD40 ligation of irradiated Langerhans cells
significantly enhanced the viable cell yield after a 2 d culture.
Furthermore, as assessed by bisbenzimide staining, CD40 triggering
significantly decreased the number of apoptotic cells in irradiated
(200 J per m2) Langerhans cell suspensions. Thus, in seven separate
experiments, the mean percentage of apoptotic cells was 49 6 5 in
Langerhans cell suspensions cultured for 2 d on CD40L transfected
Figure 6. Irradiated Langerhans cells display DNA fragmentation after
a 2 d culture. Purified Langerhans cells were either untreated (lane 2) or
irradiated at 100 J per m2 (lane 3) or 200 J per m2 (lane 4) and cultured for 2 d
with GM-CSF. Langerhans cells freshly purified from epidermis (lane 5) were
used as controls. Low molecular weight DNA was extracted and profile
fragmentation was evaluated on agarose gel stained with ethidium bromide.
Lane 1, 1 kb DNA molecular weight marker.
Figure 7. CD40 triggering rescues human Langerhans cells from UVB-
induced apoptosis. Purified epidermal Langerhans cells were irradiated, or
not, and then cultured for 2 d with GM-CSF (200 U per ml) in the presence
of CD40Lc or CD32c as controls. Viable Langerhans cells excluding trypan
blue were enumerated and viable Langerhans cells yield was expressed as the
percentage of the originally plated Langerhans cell number (mean 6 SD from
five separate experiments).
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Table I. Effects of CD40 triggering on CD86 upregulation by
irradiated Langerhans cellsa
CD32c CD40Lc
0 100 J per m2 0 100 J per m2
Exp 1 160a 85 302 288
Exp 2 90 70 143 128
Exp 3 140 83 310 286
aLangerhans cells were irradiated, or not, at 100 J per m2 and cultured for 2 d on
CD40Lc or CD32c as controls. Cells were then stained for CD86 expression and analyzed
on a FACScan. Results are expressed as the mean fluorescence intensity in three
separate experiments.
cells, whereas it averaged 73 6 3 in Langerhans cell suspensions cultured
on CD32 transfected cells, as controls. These results demonstrated a
beneficial effect of CD40 triggering on UVB-induced Langerhans
cell apoptosis.
In a previous paper (Pe´guet et al, 1995), we have shown that CD40
ligation induced upregulation of CD86 expression on Langerhans cells.
We have thus analyzed whether CD40 triggering also affected CD86
upregulation on irradiated Langerhans cells. To this end, Langerhans
cells were irradiated, or not, at 100 J per m2 and cultured for 2 d on
CD40Lc or CD32c as controls. Cells were then stained with anti-
CD86 MoAb and analyzed on a FACScan. As shown in Table I,
Langerhans cells that had been cultured on CD32c and irradiated at
100 J per m2 showed a consistent inhibition of CD86 upregulation, as
compared with nonirradiated cells. By contrast, this inhibition was
almost completely prevented when the cells had been cultured on
CD40Lc.
DISCUSSION
This study demonstrates that in vitro exposure to low doses of UVB
radiation affects human Langerhans cells by at least two different
pathways: (i) the alteration of CD86 costimulatory molecule upregul-
ation; and (ii) the induction of cell apoptosis. Both phenomena were
not immediate but were evidenced after a short Langerhans cell culture.
Because Langerhans cell culture is thought to mimic the migration of
the cells from skin to regional lymph nodes, it may be that similar
alterations are induced by UVB radiation during the course of skin
sensitization in vivo.
It is now well established that beyond Ag processing and presentation,
antigen-presenting cells must convey additional signals that enable the
T cells to be fully activated and to proliferate. These costimulatory
signals are provided by complex interactions of several receptors on
antigen-presenting cells with their specific ligands on the T cells, such
as CD58/CD2, CD54/CD11a, or B-7/CD28. In the absence of
costimulatory signals, T cells presented with an Ag may enter a state
of specific unresponsiveness called anergy. Many studies have supported
the view that the suppressive effects of UVB radiation on cutaneous
immune responses can be attributed to alteration in accessory signal
transmission during Ag presentation. Thus, in the mouse, UVB induced
long-term anergy in Th1 clones in vitro (Simon et al, 1992) and
converted Langerhans cells from immunogenic to tolerogenic antigen-
presenting cells in contact allergy in vivo (Cruz et al, 1989). Previous
reports have identified CD54 as a possible target for UVB-induced
suppressive effects (Krutmann et al, 1990; Tang and Udey, 1991);
however, increasing evidence suggests that the critical UVB-sensitive
costimulatory pathway belongs to the B7 family. Indeed, irradiated
Langerhans cells rendered T cell tolerant to subsequent stimulation and
signals mediated by B7, but not CD54, can prevent this phenomenon
(Boussiotis et al, 1994). In this study, we showed that a single dose of
UVB markedly inhibits upregulation of CD86 on human Langerhans
cells, whereas CD54 was only slightly reduced and CD80 was quite
unaffected. Additional studies are required to determine whether UVB
selectively causes structural alterations in the CD86 gene and how it
occurs. Nevertheless, these results are relevant to previous reports
showing a predominant role of CD86 versus CD80, in Langerhans
cell-induced T cell responses (Weiss et al, 1995; Rattis et al, 1996).
Furthermore, we demonstrated that downregulation of CD86 expres-
sion accounts for UVB suppressive effects because exogenous CD28
signal can restore, at least partly, the allostimulatory function of
irradiated Langerhans cells. These results agree with a recent study by
Weiss et al, 1995, showing that UVB perturbs the functional expression
of CD86 on cultured Langerhans cells; however, a decrease of CD80
expression was associated. We previously provided evidence that in
our in vitro model using purified Langerhans cells and a narrow
UVB spectrum, the UVB-induced inhibition of Langerhans cell
allostimulatory function was not mediated by soluble factors (Rattis
et al, 1995). In Weiss’ study using poorly enriched Langerhans cell
suspensions and a broad band spectrum (250–400 nm), the authors did
not exclude the possibility that IL-10 might be an additional factor
that could contribute to the loss of Langerhans cell allostimulatory
function. IL-10 was produced in epidermis upon UVB irradiation,
especially when a large spectrum was used (Grewe et al, 1995). The
cytokine is known to suppress the antigen-presenting function of
Langerhans cells and, interestingly, to downregulate both CD80 and
CD86 expression on Langerhans cells (Kawamura and Furue, 1995).
This would explain the discrepancy between Weiss’s study and ours.
Furthermore, this might suggest that, under in vivo conditions, both
direct and indirect effects of UVB on Langerhans cells contribute to
the impairment of their antigen-presenting function.
We showed here for the first time that UVB can deliver an apoptotic
signal to human Langerhans cells in vitro. The idea that UVB radiation
is cytotoxic for Langerhans cells is not novel, however. There is general
agreement that in vivo exposure of human or animal skin to UVB
results in the disappearance of dendritic cells that stain with ATPAse
or MHC class II MoAb (Toews et al, 1980; Aberer et al, 1981).
Whether the loss of markers equated with cell death is still a matter
of debate, however. In the mouse, in vitro studies have clearly
demonstrated that UVB were ultimately cytotoxic. Thus, Tang and
Udey (1992) reported that after UVB irradiation at 100 J per m2, the
recovery of viable Langerhans cells was about 10% of control after a 3
d culture. The mechanisms by which UVB radiation influences
Langerhans cell survival has not been investigated, however. In this
study we provided evidence that UVB radiation provides an apoptotic
signal to human Langerhans cells. This was shown by the appearance
of morphologic alterations characteristic for apoptosis and by cleavage of
chromatin giving a classical DNA ladder pattern on gel electrophoresis.
Although our Langerhans cell suspensions contained residual ker-
atinocytes, electron microscopy analysis gave the final proof that most
apoptotic cells could be identified as Langerhans cells by the presence
of cytoplasmic Birbeck granules. In a recent study, Kitajima et al (1996)
showed that UVB radiation (25–100 J per m2) induced apoptosis of a
long-term dendritic cell line, provided the cells were stimulated by
lipopolysaccharide or by a T cell clone in the presence of the Ag.
Epidermal Langerhans cells thus appeared far more sensitive to UVB
because no other signals are required for induction of apoptosis.
We reported that the cytotoxic effect of UVB on human Langerhans
cells was only apparent after a 2 d culture, although a few apoptotic
Langerhans cells could be already detected after 18 h. This suggests
that under in vivo circumstances most Langerhans cells will undergo
apoptosis only when they have reached the draining lymph nodes.
Within this tissue, Langerhans cells may interact with activated T
cells bearing the CD40L. Interestingly, we found here that CD40L-
transfected cells can rescue Langerhans cells from UVB induced
apoptosis. In a recent paper, Bjo¨rck et al (1997) reported that dendritic
cells generated in vitro from CD341 cord blood progenitor cells express
Fas Ag and undergo apoptosis upon triggering with anti-Fas MoAb.
CD40 ligation rendered the cells resistant to Fas-mediated apoptosis,
a process that was correlated with upregulation of Bcl2 protein
expression. Whether the beneficial effect of CD40 ligation on UVB-
induced apoptosis involved increased Bcl2 expression in Langerhans
cells remains to be determined. We found here that CD40 triggering
also had a beneficial effect on CD86 upregulation by irradiated
Langerhans cells. Collectively, these results suggest that the CD40
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signal provided by T cells may have implications for both the fate and
the antigen-presenting capacity of Langerhans cells.
In conclusion, this study supports the view that UVB impairs
the normal development of Langerhans cell costimulatory function,
especially by impairing the functional upregulation of CD86 expression.
It further suggests that induction of Langerhans cell apoptosis is
an additional mechanism that may contribute to the UVB-induced
immunosuppressive effects.
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